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(Very) briefly:Why DM?
How to learn about DM
Has it been seen?

A simple model and its consequences
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Why Dark Matter?

DISTRIBUTION OF DARK MATTER IN NGC 3198
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Thermal Relic VWIMPs
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How do we find it!
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Indirect vs. direct/
collider
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An Indirect Detection in
Galactic Center Gamma Rays!?

Goodenough, Hooper 0910.2998

Pel"SIStent excess over Hooper, Goodenough 1010.2752
Hooper, Linden 1110.0006
Standard astrophy5|ca| Daylan, Finkbeiner, Hooper, Linden, Portillo, Rodd, Slatyer 1402.6703

mOdeIS |n gamma rays Abazajian, Kaplinghat 1207.6047

~GeV found by a number
of groups

Gordon, Macias 1306.5725
Abazajian, Canac, Horiuchi, Kaplinghat 1402.4090



Astrophysics Backgrounds!?

Millisecond pulsars could
be responsible

But accounting for
the excess with MSPs
overpredicts sources
Fermi could ID

Morphology (extending
to ~10° from GC) also
makes it difficult
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DM Annihilation
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EFT Analyses

Many groups have focused on
im.- : my _. 5 7.
the dim.-6/7 operator: Lo — A_bew5xbw5b

Boehm, Dolan, McCabe, Spannowsky,Wallace: 1401.6458
Alves, Profumo, Queiroz, Shepherd: 1403.5027 -Annihilation is s-wave

Berlin, Hooper, McDermott: 1404.0022 . . . _
-Direct Detection is highly

velocity suppressed
-Spin-0 exchange: favors b

-But this isn’t SM singlet: biv’b =i (bLbr — brbr)



A Simple Model

Pseudoscalar coupled to DM £, = v, a0%i7°x

Mixes with 2HDM

- 2 2
+ s |Re (HIHy) = =2| "+ 2 [Im (H]Hy )|



A Simple Model
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Couplings to SM

Type Il 2HDM:
»CYuk — —Z_)YeHleR — QYdHldR — QYdﬁguR h.c.

Can forbid Mc

Yukawa interactions become

é_h:é_h:_simoz h_ COSQ
_ ¢ d cosB’ "  sinfB’
¢ el COS (¢ H:sina
4 " cosB " sinf’
5;4 5&4 = tan (5 cosf, 551 = cot 3 cos ),
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Couplings to gauge €0 = € = —tan Bsing, £ = —cot Fsing
bosons: & =sin (B — a), & =cos (B — a)

Decoupling limit; ="~/ h is SM-like

mp << Mg XM+ >~ My,



Aside: DM CP Problem

Consider effective operator

1 m, -
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Aside: DM CP Problem

Need 5 order of magnitude suppression of
scalar-scalar coupling compared to
pseudoscalar-pseudoscalar

Solved by asserting CP is a symmetry
(except for SM Yukawas)

Yx, B,VarpmM real (technically natural but
strange...)

Generic issue with spin-0 exchange



DM Annihilation
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One loop Sl direct
detection
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One loop Sl direct
detection

Including these:




ne loop Sl direct
detection

but...
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One loop Sl direct
detection

but...
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nggs decays

Reca” Vport — 2?} (mi mg) [849&14 + 829 (A2 - &2)]
X [sin (8 —a)h 4+ cos (B —«a) H]

So, if kinematically allowed,
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B— P

Light , can contribute: -

Br (Bs%f,u_) ~ Br (Bsé,u ,LL_)SM 1 4 mZ, —m2

LHCb (1211.2674): 0.1;

Br(Bs; — ptu~) =323 x107° 0

001

Buras et al. (1303.3820):

Br (Bs = p 17 ) gy = (3.256£0.17) x 1077
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Monojets

a X
————< pp — 7 + 1nv.
X

Lin, Kolb,Wang (1303.6638): do
better if j is b-tagged
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Monojets
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Lin, Kolb,Wang (1303.6638): do
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Conclusions

® Gamma ray excess hard to explain with
conventional astrophysics

® DM interpretation is nice but somewhat
puzzling

® Any actual model should have other
handles



